The yeast Paf1 complex (Paf1C), composed of Paf1, Ctr9, Cdc73, Rtf1, and Leo1, associates with RNA polymerase II (Pol II) at promoters and in the actively transcribed portions of mRNA genes. Loss of Paf1 results in severe phenotypes and significantly reduced levels of the other Paf1C components. In contrast, loss of Rtf1 causes relatively subtle phenotypic changes and no reduction in the other Paf1C factors but disrupts the association of these factors with Pol II and chromatin. To elucidate the fate of the Paf1C when dissociated from Pol II, we examined the localization of the Paf1C components in paf1 and rtf1 mutant yeast strains. We found that although the Paf1C factors remain nuclear in paf1 and rtf1 strains, loss of Paf1 or Rtf1 results in a change in the subnuclear distribution of the remaining factors. In wild-type cells, Paf1C components are present in the nucleoplasm but not the nucleolus. In contrast, in both paf1 and rtf1 strains, the remaining factors are found in the nucleolus as well as the nucleoplasm. Loss of Paf1 affects nucleolar function; we observed that expression of MAK21 and RRP12, important for rRNA processing, is reduced concomitant with an increase in rRNA precursors in a paf1 strain. However, these changes are not the result of relocalization of the Paf1C because loss of Rtf1 does not cause similar changes in rRNA processing. Instead, we speculate that the change in localization may reflect a link between the Paf1C and newly synthesized mRNAs as they exit the nucleus.
RNA polymerase II (Pol II) is dependent on a multitude of associated protein factors to carry out its functional role in the synthesis of mRNAs. There are specific factors required for formation of an initiation complex at promoters (the mediator and the general initiation factors, or GTFs) (9, 27, 38) , factors that associate with the elongating Pol II (1, 47) , and factors important for 3Ј end formation that associate with Pol II late in the transcription cycle (6, 59) . Much of this cyclic interaction is controlled by the phosphorylation state of the repeated amino acid sequence (YSPTSPS) present at the C-terminal domain (CTD) of the largest subunit of Pol II. The unphosphorylated form of the CTD is important for assembly of the initiation complex. Escape from the promoter and the transition to elongation are accompanied by phosphorylation of serine 5 in the CTD repeat, and as Pol II elongates, serine 2 of the repeat is phosphorylated (6, 32, 36) . Serine 2 phosphorylation is critical for association of 3Ј end formation factors with Pol II (18, 21) .
In contrast, some Pol II-associated factors are not sensitive to the phosphorylation state of the CTD, among them elongation factor Spt5 (22) and the factors of the Paf1 complex (Paf1C). The Paf1C was originally identified as a collection of proteins associated with the unphosphorylated form of Pol II (57) . Recently, using the technique of chromatin immunoprecipitation, Paf1C components and Spt5 have been shown to be associated with Pol II at promoters and within the coding region of genes (26, 34, 48) . Unlike Spt5, which remains associated with Pol II until it terminates transcription, the Paf1C is somehow released from the elongating Pol II as it transits the polyadenylation site (18) . Since this transition is not accompanied by known changes in Pol II phosphorylation and because loss of serine 2 phosphorylation caused by loss of the CTD kinase Ctk1 does not affect Pol II association with the Paf1C (18) , it appears that the Paf1C associates with Pol II in a CTD modification-independent fashion. Consistent with its presence at several stages of the Pol II transcription cycle, the Paf1C has been linked to initiation via genetic interactions with TATA-binding protein (51) , elongation through genetic interactions with elongation factors Dst1 and Spt5 (50) , and polyadenylation by effects on poly(A) tail length (26) . It has also been demonstrated that the Paf1C plays an important role in transcription-coupled histone modification and is postulated to serve as a platform for many Pol II-associated factors (14) . Because of these connections to many critical aspects of transcription, we were surprised to discover that the connections between Paf1C components and Pol II could be disrupted with little detriment to the yeast cell. Loss of either Rtf1 or Cdc73 results in only subtle phenotypic changes to the yeast cell in contrast to the severe phenotypes observed in strains lacking either Paf1 or Ctr9 (4). However, loss of Rtf1 or Cdc73 disrupts the association of Paf1, Ctr9, and Leo1 with chromatin and the interaction between Paf1 and Pol II (26) .
If the Paf1C is still carrying out its major functions when it has lost most of its connections to Pol II and chromatin, where is the complex in the cell and what can its localization tell us about its functional role? To pursue this question, we have used high-resolution immunofluorescence confocal microscopy to determine the location of tagged Paf1C components when the complex has been dissociated from Pol II. We have observed that under normal conditions the Paf1C is present in the nucleoplasm and clearly excluded from the nucleolus. However, in the absence of Rtf1 or Paf1, the remaining Paf1C components are present in both nuclear compartments. This shift in localization is not observed for either Spt5 or Pol II. Although loss of Paf1 does result in changes in rRNA processing, consistent with reduced expression of genes important for rRNA maturation, these changes are not caused by the redistribution of the Paf1C. Instead, we discuss the possibility that the appearance of Paf1C components in the nucleolus may reflect connections between the Paf1C and mRNAs as they are posttranscriptionally processed and move from the nucleus to the cytoplasm.
MATERIALS AND METHODS
Yeast strains and techniques. The S. cerevisiae strains used in this study were derived from YJJ662 (MATa leu2⌬1 his3⌬200 ura3-52) or an isogenic strain with the ␣ mating type (26, 45) . The following strains were described by Mueller et al. (26) , and the relevant genotypes are provided here for clarity: YJJ576 (2) .
Imaging. Cells from mid-log-phase cultures (optical density at 600 nm, 0.5 to 1.0) were fixed with formaldehyde, permeabilized with Zymolyase, and attached to coverslips coated with 2-mg/ml poly-L-lysine (37) . HA-tagged proteins were visualized by incubating coverslips with an anti-HA antibody directly coupled to the fluorescent dye Alexa 488 (A-21287; Molecular Probes). The nucleolar protein Nop1 was visualized by incubating the coverslips first with an anti-Nop1 antibody (EnCor 28-N2) and subsequently with the secondary antibody comprised of a goat anti-mouse immunoglobulin G3 (IgG3) conjugated to the fluorescent dye Alexa 555 (A21157; Molecular Probes). Note that in double-labeled specimens, the primary antibodies were used in the same incubation step, and the anti-mouse IgG3-Alexa 555 conjugate was incubated with the coverslips in a second step. Although the anti-HA-Alexa 488 antibody was also generated in mice, the antibody subtype is different (IgG1), so there was no cross-reactivity with the Alexa 555 secondary antibody. The coverslips were mounted on slides by using Vectashield H-1200 mounting medium containing 4Ј,6Ј-diamidino-2-phenylindole (DAPI; Vector Laboratories). Samples were visualized with an Olympus IX70 inverted microscope by using a 100ϫ oil immersion objective and a Quantix camera. The images were analyzed with DeltaVision software on a Silicon Graphics O2 computer (Applied Precision, Seattle, Wash.) at the University of Colorado Health Sciences Center Light Microscopy Core Facility.
RNA analysis. RNA was isolated by the hot phenol method (42) . Ten micrograms of total RNA was fractionated by formaldehyde gel electrophoresis (2) . RNA was transferred to Zeta-Probe GT membranes by standard capillary transfer methods. 32 P-labeled probes were generated by PCR amplification of specific yeast genes from genomic yeast DNA (primers: MAK21 forward, 5Ј-AGTGAC AACAACGGCAATCCG; reverse, 5Ј-GACCATTTAAGAATAAACCTTCAA; RRP12 forward, 5Ј-ATGGATCAAGACAAAGTTG; reverse, 5Ј-ATAAGCGG TAACAACCAA), followed by gel purification and random prime labeling with a RadPrime kit (Invitrogen). Oligonucleotides specific for 18S rRNA (5Ј-GCT TATACTTAGACATGAAT) and 35S and 27S rRNA precursors (5Ј-CGCCTA GACGCTCTCTTCTTA) (41) were 5Ј end labeled (39) . Hybridization and washing were performed at 45°C for random prime probes and 38°C for oligonucleotide probes as described previously (35) . Blots were exposed to a phosphorimaging screen or to film, and bands were quantitated by using Quantity One imaging software. Signals were normalized to those of 18S rRNA.
RESULTS
Paf1C components are nuclear in wild-type cells. Using biochemical fractionation, we have previously reported that Paf1 is a nuclear protein (46) . To determine the localization of the other components of the Paf1C, we utilized a collection of isogenic yeast strains containing HA-tagged forms of Paf1, Ctr9, Cdc73, Rtf1, and Leo1 (Fig. 1A) . We also used HAtagged forms of Pol II subunit Rpb3 and elongation factor Spt5. In each case, the tagged form of the protein functionally replaced the untagged form of the gene (26) . The HA-tagged genes were integrated into wild-type, paf1, and rtf1 strains. The HA-tagged proteins were visualized by confocal microscopy (see Materials and Methods) by binding to a highly specific anti-HA antibody directly conjugated to the green-fluorescing dye Alexa 488. There was no signal observed in an untagged yeast strain, consistent with the lack of any HA-cross-reacting material in yeast observed by protein blot analysis (26) . We observed that Paf1-HA, Ctr9-HA, Cdc73-HA, Rtf1-HA, and Leo1-HA all colocalized with the DAPI-stained nuclei in wildtype cells ( Fig. 2 and data not shown) in a somewhat punctate pattern. These data confirm that all of the Paf1C components have a nuclear localization and are consistent with the results of recent genome-wide localization studies (16) .
Localization of Paf1C components is altered in paf1 and rtf1 mutants. Loss of any of the Paf1C components has no effect on the abundance of Pol II or Spt5, nor does it affect the chromatin distribution of these factors (26) . We therefore did not expect to see Paf1C-dependent changes in subcellular localization of Pol II or Spt5. As shown in Fig. 3 , we found that Rpb3-HA and Spt5-HA colocalize with the DAPI staining in wild-type, paf1, and rtf1 cells, indicating that neither loss of Paf1C components nor their dissociation from chromatin alters the subcellular localization of Pol II or Spt5.
Loss of Paf1 results in a significant reduction in the cellular levels of Ctr9, Cdc73, and Rtf1 but not Leo1 (summarized in Fig. 1B) . In contrast, loss of Rtf1 does not change the abundance of the other Paf1C components (Fig. 1B) , but it does result in their dissociation from chromatin (26) . Because Leo1 levels are unchanged in paf1 and rtf1 cells, we used strains containing HA-tagged Leo1 to assess its distribution when Paf1C is dissociated from chromatin. As shown in Fig. 2 , the punctate staining of Leo1-HA colocalized exactly with the nuclear DAPI staining in wild-type cells (Fig. 4, top panel) ; however, without Paf1 or Rtf1, the Leo1-HA signal was also present in a compartment adjacent to, but distinct from, the DAPI stain (Fig. 4 , middle and lower panels). This compartment does not correspond to the cytoplasm based on longer exposures of these images that reveal the outlines of the cells (data not shown). We also examined the localization of Ctr9 and Cdc73 HAtagged proteins in paf1 and rtf1 mutants. Although Ctr9 levels are reduced in the paf1 strain (Fig. 1B) , very high endogenous abundance results in a clear Ctr9-HA signal even when reduced, as shown in the top panel of Fig. 5 . Like Leo1-HA, the Ctr9-HA signal also extends outside the DAPI staining region, as demonstrated in the merged signal panel on the right side of the figure. As in paf1, loss of Rtf1 results in the spread of Ctr9-HA staining outside the DAPI-stained area, and Cdc73-HA localization is also sensitive to the loss of Rtf1 (Fig.   FIG. 3 . Loss of Paf1 or Rtf1 does not affect localization of Rpb3 or Spt5. HA-tagged Rpb3 or Spt5 were visualized in both paf1 and rtf1 strains by using the anti-HA/Alexa 488 antibody (green) with DAPI to stain the nuclear DNA (blue). A wild-type (WT) strain containing Rpb3-HA (YJJ1503) is shown as a control. The paf1 and rtf1 strains shown from top to bottom are rtf1 with Rpb3-HA (YJJ1506), paf1 with Rpb3-HA (YJJ1505), rtf1 with Spt5HA (YJJ1580), and paf1 with Spt5-HA (YJJ1578).
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PORTER ET AL. EUKARYOT. CELL 5, middle and lower panels). Although Cdc73 levels are reduced in paf1 (Fig. 1B) , we observed that the residual signal detected was also present outside the DAPI staining area (data not shown). Thus, although the localization of Pol II and Spt5 was unaffected by the loss of Paf1 or Rtf1 (Fig. 3) , the localization of the other Paf1C core components was altered in paf1 and rtf1 strains compared to wild-type cells. Nuclear pores are unaffected by loss of Paf1 or Rtf1. The Paf1C has been shown to associate with the THO/TREX complex component Hpr1, and hpr1 and paf1 strains share many phenotypes (4, 8, 26) . Hpr1 and other THO/TREX factors have been shown to play a role in nuclear export of mRNAs (43, 52, 58) , and loss of Cdc73 is synthetically lethal with loss of Apq12, a factor required for nucleocytoplasmic mRNA transport (3). In addition, loss of either Hpr1 or Paf1 results in reduced expression of ACC1 (43; data not shown), which is linked to defects in nuclear pores (44) . We speculated that the observed mislocalization of Paf1C components upon loss of Paf1 or Rtf1 may correlate with a defect in mRNA export or nuclear pore distribution. To test this idea, we HA tagged the nuclear pore component Nup49, which marks both the location of the pores and delineates the outline of the nuclear membrane (5). In Fig. 6 , the green staining corresponds to the location of the HA-tagged Nup49, blue staining is DAPI, and the red signal marks the nucleolus, described further below. The Nup49-HA signal encircles both the DAPI and nucleolar staining in the wild-type, rtf1, and paf1 strains. We did not observe obvious differences in the number or distribution of Nup49-labeled nuclear pores in rtf1 or paf1 cells compared to wild-type. In particular, there is no evidence for a redistribution of pores in the mutant cells that could account for the altered localization of Paf1C components observed above.
Paf1C components are found in the nucleolus in paf1 and rtf1 mutants. Because the HA-tagged Paf1 components were found in a discrete region adjacent to the DAPI staining region of the nucleus, we investigated whether the complex compo- nents could be colocalizing with the nucleolus, which stains poorly with DAPI and is found in a crescent-shaped region next to the DAPI-staining nucleoplasm (reviewed in reference 29). To visualize the nucleolus, we used an antibody to the nucleolar protein Nop1 and a secondary antibody conjugated to the red-fluorescing dye Alexa 555, as described in Materials and Methods. As shown in Fig. 6 , we were able to visualize the nucleolus in wild-type and mutant cells as a relatively compact region distinct from the DAPI-staining nucleoplasm. When we compared the localization of Leo1-HA (green) to that of Nop1 (red) in wild-type cells, we observed no overlap between the green and red signals or between the blue DAPI signal and the nucleolar marker (Fig. 7A , lower panels). As described above (Fig. 4) , the Leo1-HA signal colocalized with the DAPI nucleoplasmic region in the wild-type cells.
In contrast to the nucleolar exclusion of Paf1C components in wild-type cells (Fig. 7A and data not shown) , we found that the green Leo1-HA and Ctr9-HA signals colocalized with both the blue DAPI-stained nucleoplasm and the red Nop1-marked nucleolus in paf1 and rtf1 cells (Fig. 7B) To reduce the complexity of the images, only the green HA-tagged channel is shown as a single image adjacent to all of the pairwise merged images. However, it is clear that the extra staining seen in the paf1 and rtf1 cells is coincident with the nucleolar signal. Therefore, using the technique of immunofluorescence, it is clear that when the Paf1C is disrupted or dissociated from chromatin, it is present in both the nucleoplasm and in the nucleolus.
Quantitative analysis of the altered localization. In the absence of biochemical confirmation of the altered subcellular localization and to help establish that the appearance in the nucleolus of the Paf1C components in paf1 and rtf1 strains was not due to sampling a small, nonrepresentative population of cells, we examined larger microscopic fields and categorized the staining pattern of at least 50 cells of each type. Quantitations of the staining patterns from both wild-type and paf1 strains are shown in Fig. 8 . In wild-type cells, most images show complete superimposition of the anti-HA staining with that of DAPI (colocalized with DAPI) for all HA-tagged proteins analyzed, Ctr9, Cdc73, Rtf1, Leo1, Paf1, and Rpb3. In contrast, the majority of paf1 cells showed the staining pattern illustrated in Fig. 4 and 5 (DAPI plus nucleoli), in which, although some of the HA-tagged protein colocalizes with DAPI, a distinct portion is also found adjacent to the DAPI staining region, colocalized with the Nop1 nucleolar marker. The paf1 cells also had small numbers of other localization patterns, including poor staining and ring-like staining around the cell periphery (other). The increase in this category for the Ctr9-HA and Cdc73-HA signals is probably due to the significantly reduced abundance of these proteins in the paf1 cells (Fig. 1B) . As seen in Fig. 3 , the localizations of Rpb3 and Spt5 were unaffected by loss of Paf1. With this quantitative analysis, we have determined that the mislocalization of Paf1C components to the nucleolus correlates with the dissociation of the complex from chromatin and Pol II when either Paf1 or Rtf1 is lost.
Relocalization of the Paf1C to the nucleolus does not correlate with altered nucleolar function. Without Paf1 or Rtf1, the remaining Paf1C components are found in the nucleolus. Does this relocalization disrupt the structure or function of this subnuclear compartment? We first measured the relative volume of the nucleolus in paf1 and rtf1 mutant strains and did not detect any difference in this parameter linked to loss of Paf1 or Rtf1 (data not shown). Loss of Paf1 results in changes in relative mRNA abundance in yeast (8, 35) , and we have determined that some of the transcripts affected encode factors important for rRNA processing (K. L. Penheiter, unpublished data). As shown in Fig. 9A , transcripts for the essential genes for two nucleolar factors involved in rRNA processing and ribosome biogenesis, MAK21 (NOC1) (24) and RRP12 (30) , are two-to threefold lower in abundance in a paf1 strain than in wild-type cells. Consistent with the reduced expression of these factors, we observed that 35S and 27S rRNA precursors are present in two-to fourfold-elevated amounts in paf1 relative to wild-type cells (Fig. 9B) . Although it is interesting that among paf1's, many phenotypes is an effect on rRNA processing, this effect is not caused by the relocalization of the Paf1C to the nucleolus. This conclusion is based on the observation that loss of Rtf1, resulting in relocalization of the Paf1C to the nucleolus (see above), does not affect rRNA processing (Fig.  9B) or the expression of the nucleolar factors (data not shown). Therefore, we do not detect obvious alterations in nucleolar structure or function that correlate with the presence of the Paf1C components in the nucleolus. The relocalization may therefore reflect other aspects of the function of the Paf1C as discussed below.
DISCUSSION
Consistent with the association of the Paf1C with Pol II at promoters and within the coding region of yeast genes, we have found colocalization of Paf1C factors Paf1, Ctr9, Cdc73, Rtf1, and Leo1 with Pol II in the nucleoplasm of wild-type cells. However, when the Paf1C is dissociated from Pol II and chromatin by the loss of Rtf1, the remaining complex components are now also found in the nucleolus.
Although these results are based on immunofluorescence of tagged Paf1C factors, not biochemical fractionation, the fact that the Pol II-associated factor Spt5 does not show a similar relocalization is a strong argument for the specificity of the nucleolar localization. Normally, localization of proteins to the nucleolus requires specific association with components of the rRNA transcription and processing machinery (7) . In fact, formation of a recognizable nucleolus is dependent upon active transcription of the rDNA genes (29) . The distinct compartmentalization of RNA Pol I and II transcription factors is FIG. 6 . Loss of Paf1 or Rtf1 does not affect the abundance or distribution of nuclear pores or the appearance of the nucleolus. Wild-type (WT), paf1, and rtf1 strains in which the nuclear pore protein Nup49 was HA tagged were treated with DAPI (blue), the anti-HA/Alexa 488 antibody to stain the nuclear periphery (green), and an anti-Nop1 antibody followed by incubation with a secondary antibody conjugated to Alexa 555 (red) which stains the nucleolus, which is poorly stained with DAPI. The strains used were wild-type (WT) Nup49-HA (YJJ1697), rtf1 Nup49-HA (YJJ1718), and paf1 Nup49-HA (YJJ1716). an active process that requires the RENT/Net1 complex that excludes Pol II (and other factors) from the nucleolar compartment (25, 31, 56) . Some factors are known to move between the nucleoplasm and the nucleolus. For example, splicing factors move between nucleoplasmic speckles and the nucleolus in a cell cycle-dependent fashion (reviewed in reference 20), and in mammalian cells, RNA editing enzymes cycle between the nucleolus and the nucleoplasm in response to the appearance of their substrate (10, 40) . Overall, the present view of the nucleolus is that localization to this subnuclear region does not appear to be a default mechanism but reflects either a function in this compartment or a sequestration-dependent regulatory mechanism (31, 53, 56) . The appearance of the Paf1C factors in the nucleolus is not accompanied by destabilization of the factors, as evidenced by the unchanged level of all of the other Paf1C factors in the absence of Rtf1 (26) . Therefore, the relocalization does not appear to be part of a pathway targeting the proteins for destruction. In addition, the movement of the relatively abundant Paf1C factors into the nucleolus does not obviously disrupt the structure or change the relative size of this compartment. Although loss of Paf1 does result in reduced expression of mRNAs for some essential nucleolar factors (MAK21 and RRP12) and increased accumulation of rRNA precursors, relocalization of the Paf1C caused by loss of Rtf1 does not affect these processes nor result in obvious changes in rRNA processing. In contrast, loss of the Paf1C-associated factor Hpr1 results in changes to nucleolar morphology and a block of mRNA export (43) .
The links between mRNA export and the nucleolus are intriguing but only partially characterized. A subset of mRNAs is normally exported through the nucleolus (17, 33) , and under certain conditions, yeast heat shock mRNAs accumulate in the nucleolus before moving to the cytoplasm (55) (23, 28) . These Pab1 associations could be delineating the path of mRNA from synthesis to export and cytoplasmic function. It has in fact been proposed that the nucleolus could be a staging area for the export of mRNAs (31) . In contrast, there is also evidence for separation of factors important for nuclear export of mRNAs and the nucleolus (12) . Therefore, although the complete path of mRNAs from synthesis to export is not yet clear, it may be that the redistribution of the Paf1C is linked to the movement of some or all mRNAs as they exit the nucleus. It is interesting in this regard that the loss of Cdc73, which, like the loss of Rtf1, results in separation of the Paf1C from chromatin and Pol II (26) , and the appearance of the remaining factors in the nucleolus (data not shown) is synthetically lethal in combination with the loss of Apq12, a recently described factor required for proper mRNA export from the nucleus (3). The Paf1C is normally bound to Pol II and nucleoplasmic chromatin, but perhaps its associations with Hpr1 and the THO/TREX mRNA export complex direct it to follow the mRNA when its direct connections to Pol II have been disrupted by the loss of Rtf1. Alternatively, the Paf1C may normally briefly accompany the nascent mRNA on its export pathway before cycling back to another Pol II molecule. This view could explain the observed disappearance of the Paf1C from chromatin at locations beyond the poly(A) site (18) . Reducing the connections to Pol II may then result in a longer association of the Paf1C with mRNA and its appearance in the nucleolus. The presence of the residual Paf1C factors in both the nucleoplasm and the nucleolus may be a reflection of its role in more than one export pathway as proposed by Thomsen and coworkers (55) .
A final interesting connection between the Paf1C and the nucleolus is transcriptional silencing. Loss of Paf1 or Rtf1 leads to a reduction in telomeric silencing (19) . Silencing can occur at telomeres, the MAT loci, or within the nucleolus (reviewed in reference 13). Part of the control of this process is the distribution of silencing factor and histone deacetylase Sir2 between these compartments (49) . Boundaries between active and silenced genes sometimes involve RNA Pol III-transcribed genes (11) , which are known to be localized in the nucleolus (54) . So the separation of the Pol II nucleoplasmic compartment from the Pol I and III nucleolar compartment is used as a way to regulate the expression of genes. The relocalization of the Paf1C to the nucleolus may therefore be linked to the observed changes in silencing. Although, as described above, we have not observed significant changes to nucleolar morphology linked to the Paf1C relocalization, we have found that the expression level of genes, including MAK21 and RRP12, important for nucleolar function and rRNA maturation, is reduced without Paf1 and that there is an increased accumulation of rRNA precursors. However, these changes do not occur when Rtf1 is lost and the Paf1C is present in the nucleolus. Therefore relocalization of the Paf1C does not result in changes in rRNA processing, but it could impact both mRNA processing and export and the compartmentalization of factors important for gene regulation.
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FIG. 9. Loss of Paf1, but not Rtf1, results in reduced expression of MAK21 and RRP12 and an increase in rRNA precursors. Total RNA was isolated from isogenic wild-type (WT) (YJJ662), paf1 (YJJ576), and rtf1 (YJJ1303) strains, fractionated, and probed for the indicated transcripts as described in Materials and Methods. The signals were normalized to the 18S rRNA signal and are plotted with the signal from wild-type cells set to 1. (A) Random primed probes were used to detect mRNA transcripts from the MAK21 and RRP12 genes; (B) oligonucleotide probes were used to detect rRNA precursors 35S and 27S as well as mature 18S rRNA.
218
PORTER ET AL. EUKARYOT. CELL
